Background: Angiotensin-converting enzyme inhibitors reduce mortality and remodeling after myocardial infarction in patients with left ventricular dysfunction.
tion of 0.22 (95% confidence interval, 0.16 to 0.28; PϽ.001). A total of 126 patients (28%) and 226 patients (51%) in the perindopril and placebo groups, respectively, experienced remodeling. The mean increase in left ventricle end-diastolic volume was 0.7 mL with perindopril compared with 4.0 mL with placebo (PϽ.001). In the perindopril group, 40 deaths (6%) and 22 hospitalizations (4%) for heart failure occurred, whereas 37 deaths (6%) and 30 hospitalizations (5%) occurred in the placebo group. Treatment did not affect death, whereas the hospitalization rate for heart failure was slightly reduced (absolute risk reduction, 0.01; 95% confidence interval, −0.01 to 0.02). No treatment effect on other secondary end points was detected.
Conclusion : We found that 1-year treatment with 8 mg/d of perindopril reduces progressive left ventricular remodeling that can occur even in the presence of small infarct size, but it was not associated with better clinical outcomes.
Arch Intern Med. 2006; 166:659-666 A CUTE MYOCARDIAL INFARCtion (AMI) leads to progressive changes in ventricle size, shape, and function, a process often referred to as remodeling. 1 Quantitative 2-dimensional echocardiography (ECHO) provides useful information on the temporal sequence of remodeling that, together with age, is the strongest indicator of poor prognosis. 2 Studies on long-term angiotensinconverting enzyme (ACE) inhibition documented effective prevention of left ventricular (LV) remodeling in patients with LV dysfunction, [2] [3] [4] [5] whereas only moderate effects occurred in patients with normal or abnormal LV function. 1, 6 These studies included mainly relatively young patients with LV dysfunction; however, patients with AMI and preserved LV function admitted to in-ternal medicine departments (approximately 40% of the hospital admissions for AMI) are more often older than 65 years [7] [8] [9] ( Table 1) . Thus, little direct evidence exists for this important subset of AMI patients, who are at higher risk of cardiovascular morbidity and mortality. Because of this gap in our knowledge, these patients may be less likely to receive a potentially valuable treatment (eg, thrombolytic agents or other interventions). 10, 11 This patient population was studied in the Perindopril and Remodeling in Elderly With Acute Myocardial Infarction (PREAMI) study, which was designed to test whether ACE inhibition with 8 mg/d of perindopril erbumine in elderly patients with AMI and preserved LV function would attenuate remodeling and reduce the occurrence of heart failure (HF) and death.
METHODS

STUDY DESIGN
The design of the trial has been described previously. 12 The PREAMI study is a double-blind, randomized, parallel-group, multicenter study comparing perindopril with placebo in patients 65 years or older who survived an AMI (defined according to the recommendation of the American College of Cardiology and European Society of Cardiology, as reported in the Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto Miocardico [GISSI-3] study) 13 with preserved ejection fraction (Ն40%) and optimal apical 4-and 2-chamber views of the LV recorded for at least 5 complete cardiac cycles. Ethics committees of the participating centers gave their approval. All patients gave their written informed consent, and the principles of the Declaration of Helsinki were applied. Exclusion criteria included (1) severe HF (New York Heart Association class IV and need for intravenous inotropic support); (2) coronary artery bypass grafting or percutaneous transluminal coronary angioplasty; (3) severe hypotension (systolic arterial pressure Յ100 mm Hg); and (4) serum creatinine level greater than 2.0 mg/dL (Ͼ176.8 µmol/L).
The primary end point was a composite of (in hierarchical order) death, hospitalization for HF, and LV remodeling (considered as Ն8% increase in LV end-diastolic volume [LVEDV] measured by ECHO). Secondary end points included the primary objective considered separately, an increase in LVEDV (considered as a quantitative variable), cardiovascular death, hospitalization for reinfarction or angina (documented by symptoms and electrocardiographic signs), and incidence of coronary artery bypass grafting or percutaneous transluminal coronary angioplasty.
The centralized randomization was performed at a mean±SD of 11±4 days from AMI. The randomization code was previously developed using a computer random-number generator to select random permuted blocks (fixed length of 4 without stratification). Patients were allocated at a ratio of 1:1 to receive either perindopril or placebo at an oral dose of 2 mg on the day of randomization, 4 mg on the day after and for 1 month, and then 8 mg until month 12. If this dose was not tolerated, it could be reduced to 4 mg/d. Angiotensin-converting enzyme inhibitors, angiotensin II receptor antagonists, ␣-blockers, and any inotropic drug (apart from digoxin) were prohibited unless acute conditions required their administration. In the following 12-month follow-up phase, 5 visits were performed (at months 1, 3, 6, 9, and 12) . At each visit, blood pressure, heart rate, physical examination results, and information on con-comitant therapy were recorded. Standard laboratory tests, electrocardiograms, and ECHO studies were performed before randomization and then at months 6 and 12.
ECHO MEASUREMENT OF REMODELING
Two-dimensional ECHO studies were recorded on 0.5-in videotapes and submitted to a core laboratory for a centralized assessment of quantitative analysis after quality control. Wall motion (WM) asynergy analysis in a 16-segment model of the LV was performed using a semiquantitative visual grading system proposed by the American Society of Echocardiography. 14 The percentage of WM asynergy, as an index of the extent of ischemic damage, was obtained by dividing the number of akinetic, dyskinetic, and aneurysmal segments (segmental score Ն3) by the total number of evaluated segments. 15, 16 Selected images were then digitized to obtain endocardial contours and LV cavity volumes at end diastole and end systole from 2 apical orthogonal views (4-and 2-chamber views). The modified Simpson rule was used to obtain biplane LV volumes, from which EF was derived using the standard formula. 14, 15 All measurements were obtained in a blinded fashion by a single experienced operator from 3 cardiac cycles, and the mean values were considered for analysis. 16 The interobserver variability, measured by the intraclass correlation coefficient in 76 randomly selected patients (according to the approach of Donner et al 17 with ␣=.05 and a powerof 80% to detect reliability Ͼ95%), was rather low (2.0%; 95% confidence interval [CI], 1.3%-3.1%; and 1.5%; 95% CI, 0.9%-2.3%; for LVEDV and LV end-systolic volume [LVESV], respectively), as was the intraobserver variability (1.0%; 95% CI, 0.7%-1.7%; and 0.7%; 95% CI, 0.5%-1.1%; for LVEDV and LVESV, respectively).
SAMPLE SIZE
The expected rate of events in the control group was derived from the GISSI-3 study 1 : the available 6-month figures for mortality, hospitalization, and remodeling in patients older than 65 years were projected in a conservative way, considering 6.0%, 14.3%, and 29.5% for 12-month mortality, hospitalization for HF, and remodeling, respectively. According to the Moyé approach 18 and considering a 25% loss of follow-up or unreadable echocardiographic tapes, 1250 patients were needed for a 20% or greater relative reduction in the probability of occurrence of the primary end point at month 12 (1-tailed test), with 90% power and ␣=.05. 
STATISTICAL ANALYSIS
We used the intention-to-treat principle applied to all randomized patients, considering the actual randomization code assigned. The primary end point was analyzed by the Moyé approach, which allows a combined evaluation of both the timerelated (death or hospitalization for HF) and the fixed-time (remodeling) events. 18 This model provides for each group a score derived from the end point occurrence, their hierarchical order, and the time to occurrence of end point. The sum of the scores in the 2 treatment groups was compared by the Wilcoxon test. For the separate analyses on death or HF, the event-free survival was estimated according to the Kaplan-Meier method and compared between the 2 treatment groups by the log-rank test. 19 The Cox regression model was used to evaluate the treatment effect, adjusting for different confounding or prognostic factors (sex and age, previous history of AMI, hypertension, diabetes, and other risk factors). For remodeling, logistic regression was performed. Moreover, an explorative analysis was performed to evaluate possible differences of the treatment in particular subgroups (the previously defined factors). For the analysis of ECHO parameters, a linear mixed model was adopted. 20 The statistical tests were 2-tailed and conducted at the .05 significance level using the statistical package R language (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
PATIENT POPULATION
Between September 18, 1998, and November 19, 2003 , 1252 patients were randomized (631 to perindopril and 621 to placebo) from 109 centers in 5 European countries. Only 2 patients in the placebo group were lost to follow-up. Validated ECHO studies at prerandomization and during follow-up were obtained for 441 patients in the placebo group and 455 in the perindopril group (Figure 1 ). Mean±SD patient age was 73±6 years, and 436 (35%) were women. A total of 128 patients (10%) had a previous AMI, 39 (3%) had previous revascularization, 300 (24%) had diabetes mellitus, 728 (58%) had hypertension, and 357 (29%) had hyperlipidemia. A total of 533 patients (43%) underwent thrombolysis, 479 (90%) within 6 hours of AMI. Infarct sizes were limited: mean ± SD WM asynergy was 13%±13%, and creatine phosphokinase level was 1243 ±1052 U/L. The LV function was well preserved, with a mean ± SD ejection fraction of 59.1%±7.7% and LVEDV and LVESV of 80±23 mL and 34±14 mL, respectively. No differences occurred in the baseline characteristics between the 2 groups ( Table 2 ). The use of concomitant medications increased markedly after AMI and remained as such until the end of the study ( Table 3) .
A statistically significant difference occurred in blood pressure between the 2 groups after randomization: the values of systolic arterial pressure/diastolic arterial pressure were lower in the treated than in the placebo group (mean systolic arterial pressure/diastolic arterial pressure, 134/78 and 137/79 mm Hg, respectively) (P=.04 and P=.004 for systolic arterial pressure and diastolic arterial pressure, respectively). Heart rate did not change during the study. Treatment was well tolerated: at 1 year, 74% and 76% of patients assigned to perindopril and placebo, respectively, were taking study medication. Almost all patients assigned to perindopril erbumine were taking 8 mg/d, and only 6% had their dosages decreased to 4 mg/d at 1 year. Reasons for permanent treatment withdrawal are reported in Table 4 .
END POINTS
Perindopril induced a significant absolute risk reduction of 0.22 (95% CI, 0.16-0.28; PϽ.001) in the combined primary end point (death, hospitalization for HF, or remodeling) ( A total of 126 patients (28%) and 226 patients (51%) in the perindopril and placebo groups, respectively (PϽ.001), experienced remodeling (Figure 3 ). In the perindopril group, 40 deaths and 22 hospitalizations for HF (6% and 4%, respectively) occurred, whereas 37 deaths and 30 hospitaliza- tions for HF occurred in the placebo group (6% and 5%, respectively). Death was not affected by treatment, whereas the hospitalization rate for HF only slightly decreased (absolute risk reduction, 0.01; 95% CI, −0.01 to 0.02).
The mean increase in LVEDV was higher in the placebo than in the perindopril group (mean difference in LVEDV from month 12 vs prerandomization assessment, 4.0 vs 0.7 mL; PϽ.001) (Figure 3 ). In the placebo group, the main increase in LVEDV occurred within 6 months after AMI (3.4 mL), with a further increase of 0.6 mL thereafter. Hypertension was the most interesting significant predictor of LV remodeling (odds ratio, 1.4; 95% CI, 1.0-1.9; P=.05).
The other secondary end points, such as cardiovascular death, hospitalization for subsequent AMI or angina, or revascularization, were infrequent and not modi- ) and 83 (13%) in the perindopril and placebo groups, respectively]) showed an absolute risk reduction of 0.01 (95% CI, −0.01 to 0.04; P = .37). The beneficial effect of perindopril on remodeling was consistent across all predefined subgroups (Figure 4) .
COMMENT
The results of the PREAMI study generate novel pathophysiologic and therapeutic information. On pathophysiologic grounds, in elderly post-AMI patients, progressive LV remodeling can occur even in the presence of small infarct sizes. Administration of 8 mg/d of perindopril erbumine for 12 months (which was well tolerated despite the advanced age of the patients) led to a highly significant absolute risk reduction (Ͼ0.20) in the combined primary end point. This result was due to LV remodeling reduction. Advanced age appears to be an important determinant for LV remodeling. Despite normal prerandomization LV ejection fraction, the untreated elderly post-AMI patients underwent progressive LV dilation of a magnitude similar to that reported in other studies that enrolled younger patients but with larger infarct areas and greater LV dysfunction. [1] [2] [3] 6 In PREAMI, the absolute increases in LVEDV in the placebo group were 3.4 and 4.0 mL at 6 and 12 months, respectively. These findings provide the first prospectively generated data on this topic.
The largest available data set on LV remodeling in post-AMI patients derives from the GISSI-3 trial, which involved more than 6000 patients younger than 65 years. Only patients with WM asynergy of 27% or greater underwent remodeling (with a mean increase in LVEDV of approximately 4.5 mL, which was reduced by lisinopril). Notably, the authors concluded that LV remodeling is mainly seen in at least moderate-sized AMI. 1 The mean WM asynergy index of the PREAMI patients was rather small (only 12.5%), probably due to widespread use of recommended treatments in the acute phase and to the strict selection criteria of the study. At the same time, the PREAMI patients were much older (mean age, 73 years). Thus, advanced age appears to be a major determinant for LV remodeling, in addition to and after the size of the infarcted area.
On therapeutic grounds, PREAMI shows that perindopril in this elderly population attenuates LV dilation. Re-modeling occurred less frequently in the intervention arm (28% vs 51%). We defined remodeling as an 8% or greater increase in LVEDV. This definition is not an arbitrary assumption; previous data on ECHO studies (Table 1) suggest a mean 4% LVEDV increase after 6 months to 2 years of follow-up (in younger patients with impaired LV dysfunction). Assuming 4% variability in LVEDV measurements, we considered an increase of 8% or greater to be a suitably conservative cutoff limit; of note, both intraobserver and interobserver variability were rather low.
The difference in LVEDV increase between the placebo and perindopril arms observed in PREAMI (3.3 mL) was highly significant and consistent with that obtained in other studies, even in patients with LV dysfunction, 2,3,6 GISSI-3 included, in which patients with WM asynergy of 27% or greater were enrolled. 1 The greater effects reported in smaller studies can probably be attributed to more restricted patient selection and the more accurate data collection typical of single-center studies. [21] [22] [23] The antiremodeling effect of perindopril was responsible for the reduction in the combined primary end point, because mortality and HF hospitalization rates were similar in the 2 arms, as well as the secondary end points. This may be explained by the relatively low morbidity and mortality rates in the current study owing to the wellconserved LV function (mean LV ejection fraction, 59%), optimized treatment (including ACE inhibitors after AMI), and the relatively short duration of treatment (12 months). Also in GISSI-3 1 and the Cooperative New Scandinavian Enalapril Survival Study (CONSENSUS II), 6 no reduction in mortality was detectable despite beneficial effects of ACE inhibition in terms of maintenance of LV volumes. However, in the recent European Trial on Reduction of Cardiac Events With Perindopril in Stable Coronary Artery Disease (EUROPA), 24 administration of the same dose of perindopril erbumine (8 mg/d) for a mean duration of 3.7 years in a broad population of approximately 12 000 patients with stable coronary artery disease led to a reduction in the combined primary end point of cardiovascular death, nonfatal MI, and cardiac arrest with successful resuscitation. This effect became evident at 1 year, but differences between the event curves reached significance only after 3 years. Moreover, a subanalysis of EUROPA patients corresponding to the PREAMI population (Ն65 years, LV ejection fraction Ն40%, and previous AMI) demonstrated a significant relative risk reduction of 36.1% (P = .03) for the primary EUROPA end point only after 3 years of treatment.
The mechanisms for the beneficial effects of perindopril on LV remodeling have yet to be defined. They might include reductions in ventricular wall stress, adverse neurohormonal stimulation, and myocardial ischemia. Interestingly, the Perindopril-Thrombosis, Inflammation, Endothelial Dysfunction, and Neurohormonal Activation Trial, 25 a substudy of the EUROPA trial, has shown that perindopril reduces the rate of endothelial apoptosis. Increased myocyte apoptosis is an important biological component of remodeling, particularly in elderly patients. 26, 27 All of these hypotheses are being explored in predefined substudies of PREAMI.
The effect of perindopril on remodeling occurred despite widespread use of ␤-blockers (71% at randomization), and no interaction occurred among treatments, suggesting that the intrinsic mechanisms of action of ␤-blockers and ACE inhibitors are complementary and not mutually exclusive. In HF trials, the effect of ␤-blockers on LV enlargement has been robust, with greater attenuation than in randomized studies with ACE inhibitors. 28 
STUDY LIMITATIONS
The choice of the sample size and duration of the PREAMI study resulted in a low rate of HF hospitalizations (4% recorded vs 14% anticipated). Larger and longer studies would be required to generate information on possible beneficial effects in terms of mortality and HF hospitalization.
CLINICAL IMPLICATIONS AND CONCLUSIONS
The PREAMI study partially fills the gap about optimal treatment of elderly patients with AMI and preserved LV function. Therefore, the results are of clinical relevance in this important subset of patients for whom therapeutic decision making is still equivocal and incompletely defined in current practice guidelines. 29 In elderly patients with AMI, LV remodeling can occur despite small infarct size and optimized treatment. Addition of 8 mg/d of perindopril erbumine to optimized treatment counteracts progressive LV dilation. This regimen is well tolerated and might be considered as a standard treatment in this particular clinical setting.
